OBJECTIVES: In studies on substrate utilization, a state of energy balance is often required. Energy requirements are based on measured or calculated sleeping metabolic rate (SMR) or basal metabolic rate (BMR). A study was performed to compare this protocol with adjustment of energy intake (EI) to 24 h energy expenditure (24 h EE). DESIGN: In part one, eight subjects spent one night and the subsequent three days in a respiration chamber. On day 1 EI was set at 1.5*SMR. On day 2 and 3 EI was set at 24 h EE of day 1. In part two of the study, an activity protocol was provided while staying in the chamber. 12 subjects spent one night and the subsequent two days in the respiration chamber. On day 1 EI was set at 1.55*SMR and on day 2 EI was set at 24 h EE of day 1. MEASUREMENTS: Sleeping metabolic rate, diet induced thermogenesis, physical activity index and 24 h expenditure were measured using a respiration chamber. SUBJECTS: Eight healthy normal-weight females (age: 22 AE 3, BMI: 20.9 AE 1.8) in part one and twelve healthy normalweight males and females (age: 26 AE 2, BMI: 21.4 AE 0.5) in part two of the study. RESULTS: Physical activity index (PAI 24 h EE/SMR) on day 1 (part 1) was 1.55 AE 0.04, close to the predicted value of 1.5, but between-subject variation was large (range: 1.39±1.68). Absolute deviation from energy balance reduced signi®cantly from 1.35 AE 0.30 MJ/d on day 1 to 0.51 AE 0.21 and 0.31 AE 0.10 MJ/d on day 2 and 3 respectively (P`0.05). The latter can be considered as near to energy balance. With the activity protocol (part 2) absolute deviation from energy balance reduced signi®cantly from 0.93 AE 0.20 MJ/d on day 1 to 0.27 AE 0.11 MJ/d on day 2 (P`0.05). CONCLUSION: A three day stay in the chamber allows adjustment of energy intake to energy expenditure, in this way achieving a state close to energy balance. When prescribing an activity protocol the same results can be obtained within two days.
Introduction
Respiration chambers are an elegant tool for measuring whole body energy and substrate metabolism. They have frequently been used for studying the effect of treatments like exercise and diet composition on substrate utilization. To provide conclusive results for substrate utilization a state of energy balance is necessary. A positive or negative energy balance has, in the short term, only a minor in¯uence on energy expenditure. The only component of energy expenditure directly depending on energy intake is diet induced thermogenesis (DIT), which accounts for approximately 10% of daily energy expenditure. However, the effect of a positive or negative energy balance on substrate utilization is enormous. It has been shown that, for both protein and carbohydrate, oxidation is rapidly adjusted to intake. 1 Fat oxidation, on the other hand is determined by the difference between energy expenditure and carbohydrate and protein oxidation. So under-or overfeeding is accompanied by increased and decreased fat oxidation respectively. Different attempts have been made to feed subjects at energy balance in a respiration chamber. Often energy requirements while staying in a respiration chamber have been based on the measured energy intake on a`weight maintenance diet' 2, 3 or a ®xed percentage (normally 80%) of this energy intake, 4±6 or ad libitum access to additional food items after consumption of a ®xed amount of food. 7, 8 Also equations which predict twenty four hour energy expenditure (24 h EE) have been used, based on anthropometric measurements 1, 9 or the relation between lean body mass and 24 h EE.
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Furthermore, resting metabolic rate (RMR) or basal metabolic rate (BMR), both predicted, 13 and measured 14±16 multiplied by an activity factor has been used to determine energy requirements. However, these approaches often have resulted in negative or positive energy balances.
In weight stable subjects, body weight shows only a small age related increase. In such a situation, the difference between energy intake and expenditure is less than 0.2%. 17 The difference between energy expenditure and energy intake would therefore be about 20±40 kJ/d. However, in studies on energy metabolism one has to deal with the accuracy of the methods used. Using a respiration chamber, energy expenditure can be measured with an accuracy of about 2%. 18 Calculated energy intake, using food composition tables, has also an accuracy of about 2%. 19 Together, the accuracy with which energy balance can be measured is within 4%. Thus, assuming a subject to be in energy balance requires a difference between energy intake and expenditure of less than 4%.
It has frequently been shown that 24 h EE, as measured in a respiration chamber, is reproducible. 16 ,20±22 Therefore this 24 h EE can be used to estimate energy requirements. In part one of this study we used a three day protocol to measure energy requirements on day 1 and individually adjusted energy intake to energy expenditure on days 2 and 3. In part two of this study we examined whether the results could be improved when subjects were given an activity protocol during their stay in the respiration chamber.
Methods

Subjects
Eight female volunteers participated in part one of the study. In part two of the study six female and six male volunteers participated. Subject characteristics for both part one and part two of the study are shown in Table 1 . All subjects were healthy and non-obese. The study was approved by the Ethical Committee of the Maastricht University and all subjects gave their written informed consent.
Experimental design
Part one. Subjects came to the laboratory on the evening of day 0 (20:00) and entered the respiration chamber for a three and a half day stay. Thus, on the morning of day 4 they left the respiration chamber at 8.00 am.
Part two. Subjects came to the laboratory on the evening of day 0 (20:00) and entered the respiration chamber for a ®ve and a half day stay, as part of an experiment on long term substrate utilization. Thus, on the morning of day 6 they left the respiration chamber at 8:00 am. Here only data from day 1 and 2, where subjects consumed a low fat diet, is presented.
Energy requirements and activity protocol
Part one. Energy requirement on day 1 in the respiration chamber was set at 1.5 times sleeping metabolic rate (SMR) as measured during the ®rst night. On day 2 and 3, 24 h EE of day 1 was used to individually adjust energy intake to energy expenditure. In the respiration chamber, no activity protocol was provided.
Part two. Energy requirement on day 1 in the respiration chamber was set at 1.55 times SMR as measured during the ®rst night. On day 2, 24 h EE of day 1 was used to individually adjust energy intake to energy expenditure. In the respiration chamber subjects followed an activity protocol consisting of ®xed times for breakfast, lunch and dinner, sedentary activities and bench stepping exercise. The bench stepping exercise was performed for 30 min with intervals of 5 min exercise alternated with 5 min rest, at a rate of 60 steps per minute with a bench height of 33 cm, and was repeated three times a day. Thus, subjects exercised for 45 min per day, at a relatively low-tomedium intensity.
In both studies, no sleeping or other exercise than bench stepping in part two, was allowed at daytime during the stay in the respiration chamber. Spontaneous physical activity of the subjects was monitored by means of a radar system based on the Doppler principle.
Diets
All food was consumed as breakfast, lunch, dinner and two or more snacks per day. Diets consisted of 65% of energy as carbohydrate, 20% of energy as fat and 15% of energy as protein. Metabolizable energy intake and macronutrient composition of the diets were calculated using the Dutch food composition table. 23 In the table metabolizable energy is calculated by multiplying the amount of protein, fat and carbohydrate with the Atwater factors. 24 
Procedures
Indirect calorimetry and physical activity. Oxygen consumption and carbon dioxide production was measured in a whole-room indirect calorimeter, which was described previously. 25 The respiration chamber is a 14 m 3 room furnished with a bed, chair, television, radio, telephone, intercom, wash bowl and toilet. The room is ventilated with fresh air at a rate of 70±80 l/min. The ventilation rate was measured with a dry gas meter (Schlumberger, type 27 DIT was calculated over a 24 h period and was de®ned as the area under curve divided by energy intake times 100%, so DIT is presented as percentage of energy intake.
Statistical analysis.
A one way analysis of variance with repeated measures (ANOVA) was used to test differences in measured variables between days. Coef®cient of variation was de®ned as standard deviation divided by the mean value multiplied by 100. All data are presented as mean AE s.e.m. and P`0.05 was considered as statistically signi®cant. Energy balance data are presented as the absolute difference between energy intake and expenditure. Within parentheses, ranges are given in real differences between intake and expenditure.
Calculations. Energy balance was determined as calculated energy intake minus measured energy expenditure. Furthermore (theoretical) energy balance was calculated assuming energy intake 1.5*BMR h&b and energy intake 1.6*BMR h&b , where BMR h&b is predicted BMR by the Harris and Benedict formula for women: fw h wtad PXUR HXUURr HXHRfw À HXHPHeY where H is height in meters, BM is body mass in kg and A is age in years. This predicted energy balance was compared with real energy balance measured on day 1 (part one).
Results
Part 1
24 h EE was not signi®cantly different between any of the days spent in the respiration chamber (Table 2a) . Within-subject coef®cient of variation was 3.7 AE 1.0%. Between-subjects coef®cient of variation was 8.8, 12.0, and 7.1% for day 1, 2 and 3 respectively. SMR was not signi®cantly different between day 1, 2 and 3 (Table 2a) . Within-subject coef®cient of variation was 2.2 AE 0.5%. Between-subject coef®cient of variation was 5.8, 5.5 and 5.4% for day 1, 2 and 3 respectively.
There was no signi®cant difference in physical activity index (PAI 24 h EE/SMR) between measurement days. Within-subject coef®cient of variation was 3.6 AE 0.9%. Between-subjects coef®cient of variation was 6.5, 9.2 and 6.8% for day 1, 2 and 3 respectively.
DIT was not signi®cantly different between any of the days spent in the respiration chamber. Withinsubject coef®cient of variation was 20.7 AE 5.0% and between subject coef®cient of variation was 44.0, 25.0 and 32.1% for day 1, 2 and 3 respectively.
Absolute deviation from energy balance on day 1, when energy requirements were ®xed at 1.5*SMR, was 1.35 AE 0.30 (range of real balance 72.32 to 0.34) MJ/d. Using the Harris and Benedict formula, we calculated BMR, which was not signi®cantly different from measured SMR. Estimating energy requirements using this BMR, multiplied with an activity factor of 1. When energy intake was individually adjusted to Figure 1a , P`0.05). In the latter, the difference between energy intake and expenditure is within 4%.
Part 2 24 h EE was not signi®cantly different between day 1 and 2 (Table 2b) . Within-subject coef®cient of variation was 1.7 AE 0.5%. Between-subjects coef®cient of variation was 11.6 and 13.3% for day 1 and 2 respectively. SMR was not signi®cantly different between day 1 and 2 (Table 2b) . Within-subject coef®cient of variation was 2.0 AE 0.4%. Betweensubject coef®cient of variation was 14.6 and 13.1% for day 1 and 2 respectively. There was no signi®cant difference in PAI between measurement days. Within-subject coef®cient of variation was 2.6 AE 0.4%. Between subjects coef®cient of variation was 7.2 and 5.8% for day 1 and 2 respectively.
DIT was not signi®cantly different between any of the days spent in the respiration chamber. Withinsubject coef®cient of variation was 24.6 AE 5.7% and between subject coef®cient of variation was 31.1 and 22.4% for day 1 and 2 respectively.
Absolute deviation from energy balance on day 1, when energy requirements were determined using 1.55*SMR, was 0.93 AE 0.20 (range 72.27 to 0.17) MJ/d. When energy intake was individually adjusted to real energy requirements on day 2, absolute deviation from energy balance reduced to 0.27 AE 0.11 (range 71.40 to 0.38) MJ/d on day 2 (Figure 1b, P`0.05) . In the latter, the difference between energy intake and expenditure is within 4%.
Discussion
This study shows that subjects can be fed in energy balance when energy intake is individually adjusted to energy expenditure. The small within-subject coef®-cient of variation of energy expenditure makes such an adjustment possible. In our study the absolute deviation from energy balance reduced from 1.3 MJ on day 1 to 0.3 MJ on day 3. When prescribing an activity protocol energy balance can be further improved.
Many efforts have been made to feed subjects in energy balance. Especially in studies regarding substrate oxidation, a state of energy balance is necessary. Both carbohydrate and protein oxidation are rapidly adjusted to match intake. 1 Fat oxidation is primarily determined by the gap between energy expenditure Energy balance in a respiration chamber P Schrauwen et al and carbohydrate and protein oxidation. In this way, a negative energy balance will lead to an increase in fat oxidation. It can be calculated that a negative energy balance of 1.3 MJ, as we found on day 1 of part 1 of this study, would result in a stimulation of fat oxidation by 35 g/d. When an average fat oxidation of about 100±150 g/d is considered the impact of such a negative energy balance can easily be seen. The same considerations can be made when a positive energy balance occurs. Therefore the importance of feeding subjects in energy balance is apparent. In literature, different approaches to estimate energy requirements have been used. In most of these approaches, RMR or SMR is measured or estimated and multiplied by an activity factor.
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However, in such a case an average activity factor for the group under study is assumed. There is, as we show in this study, a large between subject variation in physical activity level when staying in a respiration chamber. From our results it can be seen that using this approach a minimal absolute deviation from energy balance of approximately 0.7 MJ/d can be obtained. However, when energy intake is individually adjusted to energy expenditure, account is taken for the between subject variation in physical activity level inside the chamber. This results in better absolute deviation of energy balance, with differences between energy intake and expenditure of less than 4%. In part 1 of this study no activity protocol was provided while staying in the respiration chamber. Therefore individual adjustment of energy intake to expenditure should even be better when withinsubject variation in energy expenditure is reduced by means of an activity protocol. In part 2 of this study we found that energy balance improved from 0.93 AE 0.20 (range 72.27±0.17) MJ/d on day 1 to 0.27 AE 0.11 (range 71.40±0.38) MJ/d on day 2 when subjects were restricted to an activity protocol. Therefore, from the results, the best approach to feeding subjects in energy balance in a respiration chamber seems to be an individual adjustment of energy intake to expenditure in combination with an activity protocol. Another approach to correct for the variability in energy expenditure is shown by Roy and Lovejoy (H Roy and J Lovejoy, unpublished data). They determine free-living energy expenditure, using activity monitoring and adjust the activity protocol while in the respiration chamber so that energy expenditure is closely related to free-living energy expenditure. In this way, as in part two of the current study, the impact of variation in spontaneous activity on 24 h EE is minimized. The approach resulted in near neutral energy balance (0.33 AE 0.08 MJ/d, mean AE s.e.m.). This, and our study demonstrate the importance of individually adjusting energy intake or expenditure while staying in a respiration chamber.
The present study shows that 24 h EE, SMR and PAI are highly reproducible. The variation coef®-cients of 3.7, 2.2 and 3.6% are comparable with those found by others.
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Conclusions
The present study shows that individually adjusting energy intake to energy requirements results in a state close to energy balance. Prescribing an activity protocol while staying in the respiration chamber allows a further improvement of the balance between energy intake and expenditure.
